The purpose of this study was to evaluate the effect of probiotics, herbals and buckwheat bran (Fagopyrum esculentum L.) on growth, profile of blood, gut microbiota, profile of fatty acid in meat and shedding of resistant Escherichia coli (E. coli) in piglets. A total of 44 piglets (Sus scrofa domesticus) from age of day 14 to 56 were divided into 4 groups. Control received basal diet (group C), basal diet + probiotics (group P), basal diet + 3% buckwheat bran (group PB) and basal diet + 1.5% herbals (group H). No effect was observed in growth in all groups. The count of Lactobacillus spp. increased (p < 0.05) in jejunum in group P. In the faeces, Enterobacteriaceae decreased in the group P (p < 0.05) of 35 days old piglets, but Enterobacteriaceae and E. coli decreased in the group H (p < 0.05) of 56 days old piglets. The prevalence of resistance to at least one antibiotic class was 66.7% before and 50% after the experiment in all groups. Multidrug resistance of E. coli was not observed in 14 days old piglets, but was observed in 50% and more in all of study groups of 56 days old piglets. The fatty acid composition of Longissimus thoracis muscle had higher levels of α-linolenic acid and palmitoleic acid (p < 0.05), but lower level of stearic acid (p < 0.05) in group P. In conclusion, probiotics and herbals improved gut microbiota, fatty acid profile and affected shedding of resistant E. coli, but not growth performance.
Introduction
Nowadays typical is an intensive pig (Sus scrofa domesticus) farming. Pigs are commonly housed at high densities that can promote the spread of diseases. Antibiotics are used for treatment and prevention of diseases, and promoting of growth. The heightened use or misuse of antibiotics is contributing to the alarming increase of antibiotic resistance in bacteria, therefore it is an increasingly serious threat to global public health (WHO, 2014) . In the European Union the use of antibiotics as growth promoters have been banned since 2006. Following feed supplementation with heavy metals has increased in pig breeding, but it might promote the spread of antimicrobial resistance too (Liedtke & Vahjen, 2012) . There is an increasing interest in finding alternative means to improve the health of pigs and reduce the use of antibiotics. Probiotics have been studied and used as an infeed supplement. Probiotics promote development of healthy microbiota, reduce enteric pathogens, luminal pH and improve mucosal immunity in piglets (de Lange et al., 2010) . Buckwheat (Fagopyrum esculentum L.) seed is nutritionally important and flour of it is used as the prebiotic (Coman et al., 2013) . Herbs have a number of beneficial effects, of which antimicrobial and antioxidant activity is the most important (Windisch et al., 2007) . It is not enough to focus on alternative means to influence the spread of resistance. The aim of our study was to find out the impact of probiotics, buckwheat bran and composition of herbals on growth performance, blood and fatty acid characteristics, gut microbiota and shedding of resistant E. coli in piglets.
Materials and Methods

Feed additives
As feed additives were used buckwheat bran, herbal powder, and commercially available probiotics 'ProbioHelp'. Buckwheat (Fagopyrum esculentum L.) bran was chosen from an organic farm. Composition of herbals was made by authors: the aerial parts of St. John's wort (Hypericum perforatum) and leaves of greater plantain (Plantago major) and nettle (Urtica dioica) were collected in the Livani and Dobele districts of Latvia in 2015 and authenticated by the Institute of Horticulture of the LLU.
Experimental design and collection of samples
The experiment (6 weeks) was conducted in a conventional pig fattening farm in Latvia, in 2015. A total 44 Duroc -Landrace crossbred piglets were used. The age of piglets was 14 days with an average weight of 4.96 ± 0.13 kg. Piglets were divided into 4 treatment groups (11 pigs / pen): group C received basal diet, group P received basal diet + 'ProbioHelp', group PB received basal diet + 'ProbioHelp' + 3% buckwheat bran and group H received basal diet + 1.5% composition of herbals. Buckwheat bran and herbals were mixed into basal diet, but 'ProbioHelp' was added to drinking water, depending on the age of piglets: 14, 28, 35, 42 and 49 days old ones received the concentration of 1%, 0.75%, 0.45%, 0.34%, and 0.32%, respectively. All piglets were given ad libitum access to feed and water through local feeder and nipple drinker. The piglets were weighed individually at the beginning of the experiment (on day 14) and on days 35, 49 and 56. Offered and refused feed was weighed daily to calculate the growth parameters -VETERINARY MEDICINE DOI:10.22616/rrd.23.2017.037 average daily gain (ADG), average daily feed intake (ADFI) and feed conversion ratio (FCR) (Willems, Miller, & Wood, 2013 ). Blood samples (n = 38) were obtained via jugular vein puncture and sampled into 5 mL EDTAK2 tubes and into 10 mL tubes without anticoagulant at the end of experiment. Blood samples were sent directly to the laboratory of LLU veterinary clinic. The faecal samples (n = 77) were collected from the first defecation after the daily cleaning of the pens on days 14, 35 and 56. On day 56, piglets (four from each treatment group and two from control) were slaughtered. The gastrointestinal tract was removed and digestive contents (n = 14) from jejunum were collected. Longissimus thoracis muscles were collected from both sides of the pig carcass for detection of fatty acid profile and transported to the laboratory shortly afterwards.
Haematological and serum biochemical measurements Count of white blood cells (WBC), red blood cells (RBC), granulocytes (GRAN), lymphocytes (LYM), haematocrit (HCT), haemoglobin (HGB), mean corpuscular volume (MCV), mean corpuscular haemoglobin, (MCH) and mean corpuscular haemoglobin concentration (MCHC) were measured using the blood counter (Exigo eos, Sweden) by photometric method. The levels of serum glucose (GLU), calcium (Ca), phosphorus (P), gammaglutamintransferase (GGT), alkaline phosphatase (ALP) and aspartate aminotransferase (ASAT) were measured using the chemical analyser (Mindray BS-380) by absorbance photometry method.
Microbiological investigation
Faeces Confirmation of E. coli and antimicrobial susceptibility testing Two of E. coli isolates from TBX agar (from each faecal sample) were streaked with a sterile bacterial loop onto Levine EMB Blue Agar (Biolife) and incubated at 37 °C for 24 h. Isolates were assumed to be E. coli if showed typical blue black colonies with green metallic shine and additional basic biochemistry confirmed (oxidase test, citrate utilization and indole production tests).
E. coli isolates were phenotypically tested via agar disk diffusion to 12 antibiotics using BD BBL Antimicrobial Susceptibility Disks (ampicillin ( 
Analysis of fatty acid profile
The fatty acids (n = 36) were detected in muscle Longissimus thoracis samples by gas chromatography method (BIOR-T-012-131-2011) and analyses were performed in the accredited laboratory -BIOR.
Data statistical analysis
Data were analyzed using R version 3.3.2. All results were presented as the mean ± SEM (standard error of the mean). Duncan`s multiple range test was used to compare the means at level of significance of p < 0.05.
Results and Discussion
There is a wide interest in the improvement of feeding strategies using different feed additives that stimulate growth performance and minimize the use of antibiotics. In our study no differences were observed in average daily feed intake (ADFI), average daily gain (ADG) or feed conversion ratio (FCR) in all treatment groups. However, the weight gain of group PB was significantly higher than in other groups (p < 0.05) ( Table 1 ). The initial weight of group PB was Daiga Gāliņa, Anda Valdovska
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significantly higher compared to the other groups. Effect of probiotic bacteria has been studied before. Some researchers observed that probiotic bacteria in piglet diet produced a positive effect on growth (Liu et al., 2015) . Whereas, other researchers have shown that probiotics have no positive effect of growth performance on piglets (Speiser et al., 2015) , similar to our results. The factors which could affect ADG are different: species of probiotics, method of administration, age of pigs, components of basal diet and others (Zimmermann et al., 2016) . A beneficial effect of probiotics on ADG was observed when the basal diet contained maize (Zea mays L.) as the principal feed ingredient, but not barley (Hordeum vulgare L.) or wheat (Triticum aestivum L.) (Zimmermann et al., 2016) , which were principal feed ingredients in basal diet in our experiment. The lowest ADFI was observed in group H, but it was not significant. That might be attributed to the special organoleptic properties of herbs which may reduce diet palatability (Yan, Meng, & Kim, 2012) .
All serum biochemical and haematological parameters after feeding trial were within the reference intervals (Klem et al., 2010) , except ALP, which was slightly higher compared to the results in groups P, H and C, respectively, -higher by 1.0%, 1.5%, 11.9%. A higher level of ALP (without ASAT) is always an indicator of intense bone formation in the growth phase, particularly, if the level of phosphorus in diet is lower (Luiz et al., 2012) . The RBC was lower (p < 0.05) in group H, compared with group C. ASAT was lower in group P (p < 0.05) and group PB (p > 0.05), compared with group C. The level of phosphorus was higher in group BP (Table 2) . Group H received a diet supplemented with composition of herbals, wherein one of the three components was nettle. In traditional medicine, nettle is used for treatment of anemia. The beneficial effect of nettle on the erythropoiesis was similar to that of ironcontaining preparations (Upton, 2013) . The mean of MCV and MCH was the highest in group H, therefore reduced count of RBC cannot be associated with iron deficiency. In our study probiotics decreased the level of ASAT; it coincided with other studies about the effect of probiotics on layer chicks (Gallus gallus domesticus L.) (Hatab, Elsayed, & Ibrahim, 2016) . At the same time, there are other authors who have not observed this tendency (Liu et al., 2015) . Group PB had the highest level of phosphorus, it could be explained with the fact that group PB received basal diet supplemented with buckwheat bran, which is an additional source of phosphorus, and therefore resulted in a lower level of ALP in group PB (p < 0.05).
Compared with the group C, diet supplementation with probiotics increased the count of Lactobacillus spp. in jejunum in both group P (p < 0.05) and group PB (p > 0.05). In the faeces of 35 days old piglets, the count of Enterobacteriaceae decreased in the group P (p < 0.05) compared to the group C. In the faeces of 56 days old piglets, the count of Enterobacteriaceae and E. coli decreased in the group H (p < 0.05) compared to the group C, but the total count of Enterobacteriacea in group PB compared to the group P (p < 0.05) and group C was decreased (p > 0.05) ( Table 3) .
We observed that diet supplemented with probiotics increased the count of Lactobacillus spp. and decreased count of Enterobacteriaceae and E. coli, which coincides with other authors (Liu et al., 2015) . Probiotic bacteria increased the production of short chain fatty acids in an in vitro study and these help to reduce digest pH and growth of pathogenic bacteria (Gibson, 1999) . We observed beneficial effect of herbal supplementation on shedding of faecal microbial, particularly, at the age of 56 days. Similar to other authors (Yan, Meng, & Kim, 2012) , in our study, herbals decreased the count of Enterobacteriaiaceae and E. coli in faeces of piglets. Some herbals contain essential oils with strong antimicrobial activity, particularly, phenolic structures, which damage cell membrane of bacteria (Lambert et al., 2001 ), but with little inhibition towards Lactobacillus spp. (Si et al., 2006) , that can be seen in our study, too. Buckwheat flour has demonstrated the potential of prebiotic. It has also been reported that extracts of methanol from buckwheat inhibited E. coli (Coman et al., 2013) . Buckweat bran did not increase count of Lactobacillus spp. in jejunum, but reduce count of Enterobacteriaceae and E. coli in our study. After weaning, piglets pass through acute and adaptive phases. Primarily the effect of acute phase is on the reduced feed intake. It could take seven days, when weaned piglets learn to eat dry feed and the intake of dry matter content reaches volume as it was before weaning (Pluske, Hampson, & Williams, 1997) . Considering this fact, we assumed that piglets did not ingest enough feed that was supplemented with herbals and therefore we did not observe the beneficial effects of herbals to faecal microflora. The effect of probiotics in acute phase is higher if consumed with water.
During the study, a total of 80 E. coli were isolated from faeces of 14 and 56 days old piglets. Before experiment, higher prevalence of resistant E. coli was observed to ampicillin (42%) and trimethoprim (33%). After experiment, higher resistance was observed to tetracycline in groups P (50%), PB (50%) Daiga Gāliņa, Anda Valdovska
and H (44%), and to trimethoprim -in groups P (50%) and PB (44%). Resistance to chloramphenicol and cefotaxime was observed only in group C (38% and 6%, respectively) ( Table 4) .
The prevalence of resistance to at least one antibiotic class was observed -66.7% before and 50% after the experiment in all groups. Most of E. coli isolates were resistant only against one antibiotic class in 14 days old piglets (62.5%). Multidrug resistance (resistant to three or more antimicrobial classes) of E. coli isolates was not observed in 14 days old piglets, but was observed 50% and more in all of study groups of 56 days old piglets. Resistance against 5 antibiotic classes was observed only in group C (12.5%) (Figure 1 ).
High prevalence of resistant E. coli to amoxicillin in 14 days old piglets and to tetracycline and trimethoprim / trimethoprim-sulfamethoxazole in 56 days old piglets could be explained with antibiotic usage habits in this farm. Resistance to chloramphenicol, and it was of high level, was observed only in the group C. Chloramphenicol has been banned in EU since 1994 for livestock treatment. Despite the fact that some specific antibiotics have not been used in animals for a long time, some resistant genes can be maintained due to a link with the other genes coding resistance to other antibiotics, which are allowed for use in food-producing animals (Diarra et al., 2007) . Suckling and weaned piglets are highly sensitive to bacterial infections, therefore more often are pressured of therapeutic antibiotics, as a result, a high prevalence of resistant E.coli is observed (Akwar et al., 2008) . During the experiment, none of treatment groups received antibiotics additionally and this could Table 4 Antibiotic resistant E. coli isolates from 14 and 56 days old piglets explain the fact that the prevalence of resistant E. coli in weaned piglets (56 days old) was lower compared to 14 days old piglets. Large proportion of multi-drug resistant E. coli in all treatment groups was explained by the uptake of resistant genes from the environment as well as diet received by piglets, supplemented with zinc oxide. According to previous studies, feed supplementation with heavy metals, particularly zinc, increase proportion of multi-drug resistant E.coli in piglets (Bednorz et al., 2013) . Clay minerals also could have selection effect on uptake of resistant genes (Jahanbakhsh et al., 2015) , but they do not give any information about the impact of different herbals. Probiotics have demonstrated to leave impact on the transfer of antibiotic resistance genes, but information about the strains with higher effect and mechanism of this effect is not known (Moubareck et al., 2007) . Differences of proportion of resistant E. coli between treatment groups indicate that feed supplementation with natural feed additives (herbals and probiotics) could have selective effect on resistant bacteria or uptake of resistance genes. The fatty acid composition of Longissimus thoracis muscle showed that piglets fed with basal diet supplemented with probiotics had higher levels of α-linolenic acid and palmitoleic acid (p < 0.05), but lower level of stearic acid (p < 0.05) compared to group C. Only level of α-linolenic acid was higher in groups H and PB compared to group C. SFA was lower (p < 0.05) and PUFA/SFA rations were higher (p > 0.05) in group P (Table 5) .
SFA have a negative effect on cardiovascular system of humans. According to Department of Health (1994) , the recommended PUFA/SFA rations to reduce the risk of cardiovascular diseases is greater than 0.4 (Wood et al., 2008) . Pigs are monogastric animals and some of PUFA (linoleic acid, α-linolenic acid) pass through the stomach unchanged. They are absorbed into the blood flow through small intestine and get into tissues (Wood et al., 2008) . As basal diet was the same for all treatments groups, differences of fatty acid composition in group P proved that probiotics can improve the fatty acid profile of pork. Effect of probiotics on reduction of SFA and increased level of MUFA and PUFA in pigs has been reported before (Ross, Nieuwenhove & González, 2012) .
Conclusions
Dietary supplementation with probiotics, buckwheat bran or herbals did not affect the growth performance. Probiotics increased Lactobacillus spp. in jejunum. Probiotics consumed with water more effectively reduced Enterobacteriaceae in acute phase, but herbals were more effective in reduction of Enterobacteriaceae and E. coli in adaptive phase of post weaning. Buckwheat bran did not exert the effect of prebiotic, but more effectively reduced Enterobacteriaceae and E. coli in vivo. Differences of proportion of resistant E. coli between treatment groups indicated that feed supplementation with probiotics and herbals could have selective effect on resistant bacteria or uptake of resistance genes. These results confirmed that probiotics can improve the fatty acid profile of pork. Probiotics reduced SFA and increased the level of MUFA and PUFA in pigs.
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